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B Abstract

Cytokines and nitric oxide (NO) are involved in the patho-
genesis of autoimmune diabetes mellitus (DM). Rosiglita-
zone is an insulin-sensitizing drug that is a ligand for the nu-
clear receptor peroxisome proliferator-activated receptor-
gamma (PPAR-y). The anti-inflammatory and immuno-
modulating properties of PPAR-y have been documented.
The aim of this study is to investigate the effectiveness of
rosiglitazone in autoimmune DM and to clarify the possible
mechanism(s) involved. Autoimmune DM was induced in
adult male Balb/c mice by co-administration of cyclosporin
A and multiple low doses of streptozotocin. Diabetic mice
were treated daily with rosiglitazone (7 mg/kg, p.o.) for 21
days. Blood glucose level (BGL), serum insulin level and
pancreatic levels of tumor necrosis factor-alpha (TNF-a),
interferon-gamma (IFN-y) and NO were measured. Histo-
pathological examination and immunohistochemical deter-
mination of CD4 and CD8 T lymphocytes in the pancreatic

islets were performed. In addition, analysis of pancreatic
protein expression was carried out. The results showed that
rosiglitazone treatment resulted in a significant decrease in
the BGL and the pancreatic levels of TNF-o, IFN-y and
NO compared to diabetic mice. The serum insulin level was
significantly increased after rosiglitazone treatment com-
pared to diabetic mice. The destroyed pancreatic islets were
regenerated and became free from both CD4 and CD8 T
cells after treatment. Furthermore, many changes in pancre-
atic protein expression were observed. These results suggest
that rosiglitazone has a beneficial effect in the treatment of
autoimmune diabetes, an effect that seemed to be a secon-
dary consequence of its anti-inflaimmatory and immuno-
modulating properties and might be reflected at the level of
protein expression.
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Introduction

iabetes mellitus (DM) of type 1 is an autoimmune
disease caused by selective destruction of pancre-
atic B-cells [1]. Pathological features of autoimmune
type 1 DM include the infiltration of inflaimmatory
cells into the islets, insulitis followed by selective de-
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struction of B-cells [2]. Inflammatory cytokines, such
as IL-1B, TNF-o and IFN-y secreted by infiltrating
immune cells, as well as free radicals, such as nitric ox-
ide (NO), are involved in B-cell dysfunction and dam-
age in autoimmune diabetes [2-15].

Inflammatory cytokines induce and accelerate $-cell
destruction through direct cytotoxic effects via mecha-
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nisms that involve induction of free radicals and apop-
tosis-activating pathways in $-cells [4]. However, indi-
rect 3-cell destruction may be mediated through mech-
anisms including activation of autoreactive T cells [5],
suppression of the production of soluble cytokine an-
tagonists [6] and upregulation of MHC class I and Fas
receptor expression on B-cells [7].

Several experimental models that shate immunopa-
thological similarities with human type 1 DM, such as
NOD mouse, diabetes-prone BB rat and multiple low
doses of streptozotocin (MLDSTZ), have extensively
been used as # vivo tools for gaining insights into the
pathological mechanisms and for testing possible im-
munomodulatory compounds endowed with antidiabe-
togenic properties which are worthy of being consid-
ered for translation into the clinical setting [8-10].

In particular, repeated injections of MLLDSTZ given
to susceptible strains of mice provoke a condition with
clinical, histological and immunopathogenic character-
istics resembling human type 1 DM, including the de-
velopment of hyperglycemia associated with infiltra-
tion of the pancreatic islets by T lymphocytes and
macrophages [8, 9]. As in the NOD mouse, in the dia-
betes-prone BB rat, and probably in humans, the im-
muno-inflammatory diabetogenic process triggered by
MLDSTZ appears to be related to preferential produc-
tion of inflaimmatory cytokines and NO by islet-
infiltrating mononuclear cells [11-16]. While MLDSTZ
in susceptible strains of mice produced insulitis and
autoimmune diabetes that required several weeks to
fully develop [8, 9], resistant strains of mice became
susceptible, which resulted in full-blown insulitis and
diabetes caused by selective immunosuppressive drugs
directed at suppressor T cells, such as cyclosporin A
(CsA) [17, 18].

Thiazolidinediones (TZDs) such as rosiglitazone
are new oral antidiabetic agents that have been ap-
proved for treatment of type 2 DM [19, 20]. The
antidiabetic activity of TZDs is mediated through acti-
vation of the peroxisome proliferator-activated recep-
tor-gamma (PPAR-y) with subsequent improvement of
insulin sensitivity [19, 20]. PPAR-y is a member of the
nuclear receptor superfamily of ligand-dependent tran-
scription factors [19-21]. In addition to its involvement
in glucose homeostasis, PPAR-y is reportedly involved
in lipid and lipoprotein metabolism, cell proliferation
and differentiation and apoptosis [21]. Moreover, a
growing body of evidence suggests that PPAR-y may
play a role in the control of inflammation [21, 22] sug-
gesting the potential use of TZDs as anti-inflammatory
drugs [22-24].
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Therefore, considering the autoimmune nature of
type 1 DM as well as the immunomodulatory and the
anti-inflammatory properties of TZDs, this study was
designed to find out the role that may be played by
certain inflammatory mediators such as cytokines and
NO in the development of autoimmune diabetes in
mice. The role of rosiglitazone in influencing the im-
mune system and subsequently its effectiveness in
autoimmune diabetes mellitus were also assessed.

Materials and methods

Animals

Adult male Balb/C mice weighing 25-30 g (aged 6
wk) were purchased from the National Institute of
Ophthalmology, Giza, Egypt. The animals were main-
tained under standard laboratory conditions with free
access to food (standard laboratory animal chow, El-
Nasr Pharmaceutical Chemicals Co., Cairo, Egypt),
and water. Procedures involving animals and their care
were in conformity with the institutional guidelines and
in compliance with national and international laws on
the care and use of laboratory animals.

Chemicals and drugs

Cyclosporin A (CsA), Sandimmune® injection, was
kindly donated by Sandoz, Switzerland. Rosiglitazone
was purchased from Cayman Chemical, Ann Arbor,
MI, USA. TNF-a and IFN-y detection kits were ob-
tained from Biosource, Belgium. CD4 and CD8 T-
lymphocytes detection kits were obtained from Novo-
castra Laboratories Ltd, UK. Insulin kits were pur-
chased from Abbott Laboratories, USA. All the other
chemicals used were purchased from Sigma Co., USA.

Induction of antoimmune type 1 DM

Thirty mice were weighed and ear-notched. STZ
was dissolved in 0.1M sodium citrate buffer (pH 4.5)
and injected within 15 min of preparation. Mice were
administered CsA (22 mg/kg/day, s.c.) daily for 2 wk
prior to STZ treatment and simultaneously MLDSTZ
(45 mg/kg/day, i.p.) for 5 consecutive days [18]. Non-
fasting blood samples were collected every other day
via tail bleeding into heparinized tubes. Glucose con-
centrations in plasma samples were determined by the
enzymatic colorimetric method [25]. Mice were de-
fined as diabetic when their non-fasting blood glucose
level (BGL) reached more than 200 mg/dl in two con-
secutive readings.
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Study design

After 14 days of the last dose of CsA/MLDSTZ
co-administration, mice that showed diabetes were se-
lected (n = 26). Diabetic mice were divided into two
equal groups (n = 13 for each group) and treated with
either normal saline (group 1, diabetic saline) or 7
mg/kg rosiglitazone (group 2, diabetic rosiglitazone).

At the same time, twenty normal mice were divided
into two equal groups (n = 10 for each group) and
treated with either saline (group 3, control saline) or 7
mg/kg rosiglitazone (group 4, control rosiglitazone).

All treatments were given orally and daily for a pe-
riod of 21 days. At the end of the treatment period,
mice were anesthetized with ether, blood was with-
drawn by heart puncture and centrifuged at 3000 rpm
for 5 min. Serum was separated for determination of
serum insulin levels. The pancreas from each mouse
was removed and bisected longitudinally.

One half was dried carefully with filter pa-

per and homogenized in PBS to prepare a 600
10% homogenate. The supernatant was re- 550
moved for determination of TNF-«, IFN-y
and NO levels as well as for determination
of the pattern of total pancreatic protein
expression by sodium dodecyl sulfate poly-
acrylamide  gel electrophoresis  (SDS-
PAGE). The remaining half of each excised
pancreas was immersion-fixed in 10% neu-
tral formalin for 24 h. Sections were em-
bedded in paraffin wax, serially sectioned (5
um), stained with hematoxylin and eosin
(H&E) for histopathological examination.
In addition, immunohistochemical determi-
nation of CD4 and CD8 in the pancreatic 0
tissues was carried out.
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Determination of the nitric oxide content in pancreatic tissue

The levels of nitric oxide in the pancreatic tissues
were measured as nitrite and nitrate according to the
method of Miranda ez a/. (2001), which is based on the
Griess reaction with a prior reduction step using vana-
dium chloride to convert nitrates to nitrite ions [20].
The absorbance of samples was measured at 540 nm
by double-beam spectrophotometer (Shimadzu UV-
PC 1601, Japan).

Determination of the total protein pattern in pancreatic tissue

Proteins were separated according to their molecu-
lar weights by SDS-PAGE [27]. The molecular weight
of the protein that resolved on polyacrylamide gel was
determined using a gel documentation system (Amer-
sham, Pharmacia Biotech, USA).
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The insulin level in serum samples was
determined using the microparticle enzyme
immunoassay (MEIA), Abbott AxSYM®
system.

Figure 1. Time-course effect of rosiglitazone on BGL. Mice were
treated with rosiglitazone (7 mg/kg/day) for 21 days. BGL was deter-
mined every other day. Data are presented as mean + SEM, n = 13
for diabetic groups and n = 10 for control groups. Day 0: immediately
before the start of treatment. Day 1: the first day of rosiglitazone
treatment. Asterisk (*) indicates significant difference from the same
group before treatment (day 0). p < 0.05; paired Student’s t-test.

Determination of the TNF-a and IFN-y content
in pancreatic tissue

The pancreatic levels of TNF-o and IFN-y were de-
termined by means of ELISA kits using monoclonal
antibodies specific for TNF-a and IFN-y respectively.
Samples were run in duplicate according to the manu-
facturer’s instructions. Concentrations of cytokines
were determined from standard curves using purified
recombinant cytokines provided with the kits.
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Histopathological examination of the pancreas

For evaluation of insulitis, at least 10 islets were ex-
amined for each treatment group. Insulitis was graded
as follows [17]: negative (-) - no mononuclear cell infil-
tration; mild (+) - a few mononuclear cell infiltrations
in and around the islet; moderate (++) - obvious cell
infiltrations in and around the islet; severe (+++) -
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massive cell infiltrations were observed as the structure
of the islet was destroyed. Pancreases were graded for
insulitis on the basis of the most severely involved islet
in each pancreas.
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Figure 2. Effect of rosiglitazone on the serum insulin
level in diabetic mice. Mice were treated with rosiglita-
zone (7 mg/kg/day) for 21 days. Serum insulin levels were
determined at the end of the treatment period. Data are
presented as mean = SEM, n = 13 for diabetic groups and
n = 10 for control groups. (*) indicates significant differ-
ence from control saline group. (**) indicates significant
difference from diabetic saline group. p < 0.05; ANOVA,
Tukey-Kramer test.

Immnnobistochemical determination of CD4 and CD8 T lym-
phocytes infiltrating the pancreatic islets

Pancreatic tissue infiltration by CD4 and CD8 T
lymphocytes was detected by immunostaining of sec-
tions prepared from formalin-fixed, paraffin-em-
bedded pancreas based on the high-temperature anti-
gen-unmasking technique using CD4 and CD8 detec-
tion kits, respectively, according to the manufacturer’s
instructions. Grading of CD4 or CD8 lymphocytic in-
filtrates as either positive or negative was performed
on the most heavily involved islet in each section.

Statistical analysis

Data ate expressed as means * standard error of
mean (SEM). Compatisons between different groups
were carried out by one-way analysis of variance
(ANOVA) followed by the Tukey-Kramer test. Com-
parison within the same group was done by the paired
Student’s #test. The level of significance was set at p <
0.05. Graphpad software instat (version 2) was used to
carry out statistical analysis.
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Results

Autoimmune type 1 DM model

Co-treatment of mice with CsA/MLDSTZ resulted
in autoimmune type 1 DM. The suitability of this
model is confirmed and validated in our laboratory
biochemically by the time-dependent increase in the
blood glucose level in 86.7% of mice (26 out of 30
mice) and the reduction in the serum insulin level. The
elevated BGL was reduced after injection of 4 units of
exogenous human insulin. In addition, histopathologi-
cal examination of pancreatic sections from diabetic
mice revealed early vascular degeneration with mild
hyalinization of pancreatic islets of Langerhans and
moderate (++) mononuclear cell infiltration (data not
shown).
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Figure 3. Effect of rosiglitazone on the TNF-a content
in pancreatic tissue. Mice were treated with rosiglitazone
(7 mg/kg/day) for 21 days. Pancreatic TNF-a content was
determined at the end of the treatment period. Data are
presented as mean + SEM, n = 13 for diabetic groups and
n = 10 for control groups. (*) indicates significant differ-
ence from control saline group. (**) indicates significant
difference from diabetic saline group. p < 0.05; ANOVA,
Tukey-Kramer test.

Effect of rosiglitazone on blood glucose level

Treatment of diabetic mice with rosiglitazone (7
mg/kg/day) showed a time-dependent decrease in
BGL. The reduction in BGL started to be significant
by day 9 of treatment compared to the level before
treatment. By day 21, the BGL was reduced to 132 £
6.87 mg/dl, which was non-significantly different from
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the value in the control saline group (p > 0.05,
ANOVA) (Figure 1).

On the other hand, the BGL. of diabetic mice that
received saline was time-dependently increased
throughout the treatment period. Normal mice treated
with rosiglitazone (7 mg/kg/day) for 21 days showed
non-significant changes in BGL compared to the con-
trol saline group (p > 0.05, ANOVA) (Figure 1).
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Figure 4. Effect of rosiglitazone on the IFN-y content
in pancreatic tissue. Mice were treated with rosiglitazone
(7 mg/kg/day) for 21 days. Pancreatic IFN-y content was
determined at the end of the treatment period. Data are
presented as mean + SEM, n = 13 for diabetic groups and
n = 10 for control groups. (*) indicates significant differ-
ence from control saline group. (**) indicates significant
difference from diabetic saline group. p < 0.05; ANOVA,
Tukey-Kramer test.

Effect of rosiglitazone on serum insulin level

Diabetic mice that received saline for 21 days
showed a significant decrease (77.1%) in the serum in-
sulin level compared to the control saline group. On
the other hand, treatment of diabetic mice with rosigli-
tazone (7 mg/kg/day) for 21 days resulted in a signifi-
cant increase (275%) in the serum insulin level com-
pared to the diabetic saline group (Figure 2). Normal
mice treated with rosiglitazone showed a non-
significant change in the serum insulin level compared
to the control saline group (Figure 2).

Effect of rosiglitazone on the TNF-Q' and IFN-y content in
pancreatic tissue

Diabetic mice that received saline for 21 days
showed a significant increase (72.8% and 42.3%) in the
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pancreatic level of TNF-a and IFN-y, compared to the
control saline group (Figures 3 and 4).

On the other hand, treatment of diabetic mice with
rosiglitazone (7 mg/kg/day) for 21 days resulted in a
significant decrease (29.1% and 39.1%) in the pancre-
atic level of TNF-a and IFN-y compared to the dia-
betic saline group. However, there was a non-
significant change compared to the control saline
group. Normal mice treated with rosiglitazone (7
mg/kg/day) for 21 days showed a non-significant
change in pancreatic TNF-a and IFN-y content com-
pared to the control saline group (Figures 3 and 4).
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Figure 5. Effect of rosiglitazone on the NO content in
pancreatic tissue. Mice were treated with rosiglitazone (7
mg/kg/day) for 21 days. Pancreatic NO content (measured
as nitrite/nitrate) was determined at the end of the treat-
ment period. Data are presented as mean + SEM, n = 13
for diabetic groups and n = 10 for control groups. (*) indi-
cates significant difference from control saline group. (**)
indicates significant difference from diabetic saline group.
p < 0.05; ANOVA, Tukey-Kramer test.

Effect of rosiglitazone on the NO content in pancreatic tissue

Diabetic mice that received saline for 21 days
showed a significant increase (98.3%) in the pancreatic
NO content compared to the control saline group
(Figure 5).

On the other hand, treatment of diabetic mice with
rosiglitazone (7 mg/kg/day) for 21 days resulted in a
significant decrease (52.6%) in the pancreatic NO con-
tent compared to the diabetic saline group. However,
there was a non-significant change compared to the
control saline group. Normal mice treated with rosigli-
tazone (7 mg/kg/day) for 21 days showed a non-
significant change in the pancreatic NO content com-
pared to the control saline group (Figure 5).
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Effect of rosiglitazone on protein expression in pancreatic tissue
homogenate

The SDS-PAGE analysis of total protein extracted
from pancreatic homogenates is shown in Figure 6 and
Table 1.

There was one specific band at the molecular
weight of 37.9 kDa (band no. 7) that was expressed in
the pancreatic tissues of normal, diabetic and rosiglita-
zone-treated diabetic mice.

In diabetic mice, there were three new protein
bands at the molecular weights of 48.3, 45.4 and 17.1
kDa which were expressed in the pancreatic tissue
compared to normal mice (band nos. 1, 3, 17). How-
ever, six bands were expressed at the molecular
weights of 47.6, 43.9, 43.1, 26.8, 19.4 and 17.9 kDa in
pancreases of normal mice that disappeared in diabetic
mice (band nos. 2, 4, 5, 11, 15, 16). Four of
these bands were re-expressed after treat-
ment with rosiglitazone (7 mg/kg/day) for

Effect of rosiglitazone on immunophenotyping detection of CD4
and CD8 T cells

Immunohistochemical staining of pancreatic sec-
tions from normal mice which had received saline
showed negative staining for both CD4 and CDS8 cells
infiltrating the pancreatic islets (Figures 8A and 8B).

Pancreatic sections from diabetic mice given saline
for 21 days, which were stained with CD4 and CD§
markers, showed dense mononuclear cell infiltrates in
which lymphocytes were highly positive for CD4 (Fig-
ure 8C) but negative for CD8 stain (Figure 8D).

After treatment of diabetic mice with rosiglitazone
(7 mg/kg/day) for 21 days, pancreatic sections stained
with CD4 and CD8 markers showed no lymphocytic
infiltrate and negative staining for both markers (Fig-
ures 8E and 8F).

Table 1. SDS-PAGE analysis of the effect of rosiglitazone on protein ex-
pression in pancreatic tissue homogenate from diabetic mice

21 days (band nos. 2, 5, 11, 16). Band
On the other hand, treatment of diabetic no.
mice with rosiglitazone resulted in expression

Protein molecu-
lar weight (kDa)

Group

Control saline  Diabetic saline Diabetic rosiglita-

of new protein bands that were not ex- zone
pressed in the pancreases of either normal or 1 48.3 - + -
diabetic mice. These bands were at the mo- 2 47.6 + - +
lecular weights of 41.7, 32.7, 29.8, 26, 23.8 3 454 _ i _
kDa (band nos. 6, 9, 10, 12, 14), whereas two 4 43.9 4 B _
bands were expressed at molecular weights 5 51 . N
of 34.2 and 25.3 kDa (band nos. 8, 13, re- ' B
spectively) that expressed in both normal and 6 417 - - +
diabetic pancreases and again disappeared in 7 37.9 +
mice treated with rosiglitazone. 8 34.2
9 32.7 _ _ n
Histopathological examination to identify the effect of 10 29.8 _ _ i
rosiglitazone on pancreatic tissue of MLDSTZ dia- 1 268 + _ "
betic mice 0 2.0 ~ ~ N
Pancreatic sections from diabetic mice 13 253 + + -
which had received saline for 21 days showed 14 23.8 — — +
severe hyalinization of pancreatic islets with 15 19.4 + 3 B
fibrosis (Figure 7A). Moreover, there was
. . . 16 17.9 + - +
near-complete destruction of the islets with - .

severe (+++) mononuclear cell infiltration 17

(Figure 7B).

In contrast, pancreatic sections from dia-
betic mice treated with rosiglitazone (7
mg/kg/day) for 21 days showed regenerative pancre-
atic islets of variable sizes with residual mild (+)
mononuclear cell infiltration (Figure 7C). The regen-
erative islets were well circumscribed and had the same
appearance as in the control saline group (Figure 7D).
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Legend: + indicates expression of protein band, - indicates absence of protein band.

Discussion

It is well known that there are several hypotheses
about the pathogenesis of type 1 DM which involve
the immune system playing a major role. In the present
study, the experimental model of diabetes induced by
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CsA/MLDSTZ co-treatment was cleatly autoimmune
type 1 DM with an immune-mediated component.
This was confirmed biochemically and by histopa-
thological examination of the pancreatic tissues of dia-
betic mice revealing moderate insulitis.

kDa A B o

Figure 6. SDS-PAGE analysis of the effect of rosiglita-
zone on protein expression in pancreatic tissue ho-
mogenate from diabetic mice. Mice were treated with
rosiglitazone (7 mg/kg) for 21 days. Protein separation of
pancreatic tissue homogenate was carried out at the end
of the treatment period. A: SDS-PAGE image of pancre-
atic tissue homogenate of control saline group. B: SDS-
PAGE image of pancreatic tissue homogenate of diabetic
saline group. C: SDS-PAGE image of pancreatic tissue
homogenate of diabetic rosiglitazone group.

The diabetic model used in this study offered a
number of advantages. Firstly, the islet lesions in this
model closely resemble those of human disease [28].
Secondly, the mice involved are normal and do not
have any underlying immune abnormalities that may
complicate the study [29]. Moreover, the onset of dia-
betes is controlled, so the kinetics of the disease induc-
tion may be analyzed [12].

Although rosiglitazone was introduced for the
treatment of type 2 DM [19, 20] previous studies dem-
onstrated that rosiglitazone as well as other TZDs
could prevent or delay the development of type 1 DM
in NOD and MLDSTZ-treated mice [30-32].

In this study, rosiglitazone (7 mg/kg/day) showed
marked antidiabetic activity in type 1 DM, as mani-
fested by the significant decrease in the elevated BGL
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as it reached the normal value at the end of the treat-
ment period.

The reduction in the BGL appeared parallel to a
significant increase in the circulating level of insulin
after rosiglitazone treatment. The beneficial effect of
rosiglitazone on autoimmune type 1 diabetes is con-
firmed by histopathological findings since pancreatic
sections from diabetic mice treated with rosiglitazone
showed a significant reduction of mononuclear cell in-
filtrations in pancreatic islets as well as a regeneration
of pancreatic islets which appeared to be well circum-
scribed.

The beneficial effects of rosiglitazone in this dia-
betic model may be due to its binding and activation of
PPAR-y expressed on both macrophage [33] and T
lymphocytes [34] infiltrating the pancreatic islets dut-
ing the development of autoimmune diabetes.

PPAR-y expression is dramatically upregulated in
macrophages and T cells during inflammatory re-
sponses [35]. As type 1 DM is characterized by infiltra-
tion of pancreatic islets with activated macrophages
and activated T lymphocytes [2], it may be suggested
that rosiglitazone, through activation of these overex-
pressed PPAR-y, can inhibit the expression of inflam-
matory mediators, which participate in the pathogene-
sis of type 1 DM.

In support of this hypothesis, many natural and
synthetic PPAR-y ligands have been shown to exert
anti-inflammatory effects in models of inflaimmatory
bowel disease [36], arthritis [37], ischemia/reperfusion
injury [38] and atherosclerosis [39]. The potential anti-
inflammatory effects and the clinical benefits of
PPAR-y agonists in these pathological conditions were
based on their ability to inhibit transcriptional activa-
tion of inflammatory response genes through activa-
tion of overexpressed PPAR-y in activated inflamma-
tory cells [36-39].

In our study, pancreatic levels of both TNF-« and
IFN-y were significantly increased in diabetic mice
compared to normal mice. These results were in
agreement with previous reports where both TNF-«
and IFN-y genes were expressed in the pancreases of
diabetic mice induced by MLDSTZ [12] and in the
pancreatic islets isolated from diabetic NOD mice [40].
The synergistic effect of IFN-y and TNF-o on islet cy-
totoxicity has been well documented [41-46]. Treat-
ment of diabetic mice with rosiglitazone showed a sig-
nificant decrease in the pancreatic level of both TNF-«
and IFN-y compared to untreated diabetic mice. These
findings were supported by previous reports which
documented the fact that, through the activation of
PPAR-y, rosiglitazone could modulate inflammatory
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processes associated with several inflammatory dis-
eases by reducing the expression of IFN-y and/or
TNF-a [37, 47].

Autoreactive T lymphocytes are considered to be
the most important effector cells in autoimmune dia-
betes. CD4 and CD8 T cells have been shown to be
involved in experimental models of type 1 DM, includ-
ing NOD and MLDSTZ-induced DM [48]. Depletion
of either CD4 or CD8 T cell subsets with monoclonal
antibodies (mAbs) can prevent NOD or MLDSTZ
diabetes, and both subsets are shown to provoke dia-
betes in NOD mice [48].

Figure 7. Photomicrograph of H&E-stained pancreatic section from diabetic
mice given saline (A, B) for 21 days, showing severe islet hyalinization with
fibrosis and near-complete islet destruction with severe (+++) mononuclear
cell infiltration, respectively. Mice treated with rosiglitazone (7 mg/kg) for 21
days showed regenerative islets of variable sizes with residual mild (+)
mononuclear cell infiliration (C). Pancreatic section of normal mice that re-
ceived vehicles for 21 days, showing normal islet architecture (D). Magnifica-

tion: x 250.

In the present study, pancreatic sections from dia-
betic mice left without treatment for 21 days showed
an extensive level of mononuclear cells with positive
staining only for CD4 T cells that infiltrated some of
the hyalinized pancreatic islets. Similar results showed
that CD4 T cells were the only infiltrating cells still
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present in overtly diabetic animals [40]. CD8 T cells
were not observed in the islets at this stage [40].
Treatment of diabetic mice with rosiglitazone caused
regeneration of pancreatic islets without any CD4 and
CD8 T cell infiltration. The disappearance of CD4 T
cells after rosiglitazone treatment could be explained
by the inhibitory effect of rosiglitazone on T lympho-
cytes through the activation of PPAR-y. This inhibi-
tory effect resulted in the decrease in TNF-a and IFN-
v levels after treatment which, in turn, inhibited the ac-
tivation and migration of further inflammatory cells
including CD4 T cells into the islets. Through activa-
tion of PPAR-y, rosiglitazone may
inhibit CD8 T-cells infiltrating the
islet during the early stages of diabe-
tes [40] and this effect could also be
considered as a possible mechanism
underlying the beneficial effect of
rosiglitazone on type 1 DM.

In animal models of type 1 DM,
the role of NO in B-cell destruction
has been clearly demonstrated [49].
In the present study, the pancreatic
level of NO in diabetic mice was sig-
nificantly increased compared to
normal mice. This was in agreement
with several reports suggesting that
NO production contributed to the
cytotoxicity of MLDSTZ to pancre-
atic B-cells [14, 15, 50]. In MLDSTZ-
induced diabetes, it was found that
the incidence of hyperglycemia was
decreased when iNOS inhibitors were
used [14]. In addition, it was found
that transgenic mice deficient in
iNOS have reduced sensitivity to
MLDSTZ-induced diabetes [15]. In
our study, the decrease in the NO
level in pancreatic homogenate from
diabetic mice given rosiglitazone may
result from the following mecha-
nisms. Firstly, direct activation of
PPAR-y expressed on the pancreatic
B-cell [51] induced a dectrease in
iNOS expression and NO production
inside the B-cell. Secondly, the de-
crease in TNF-o and IFN-y after rosiglitazone treat-
ment may result in inhibition of NO production from
both B-cell and macrophages infiltrating the pancreatic
islets. Thirdly, rosiglitazone was found to induce apop-
tosis of macrophages activated with TNF-o and IFN-y
[52]. The death of macrophages could in turn result in
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Figure 8. Photomicrograph of CD4 and CD8 immunostaining of pancre-
atic section from normal mice (A and B), diabetic mice given saline (C
and D) or 7 mg/kg rosiglitazone (E and F) for 21 days. A and B show
normal pancreatic islets that are negative for CD4- and CD8-stained
cells. C shows positive CD4 cells infiltrating islet. D shows fibrotic islet
with negative stain for CD8 cells. E and F show regenerated pancreatic
islets that are free from both CD4- and CD8-stained cells, respectively.

PAP, magnification: x 400.

a decrease in the level of its inflammatory mediators,
including NO and TNF-a.

In type 1 DM it has been suggested that B-cell-
selective toxic effects of cytokines and free radicals
might be reflected at the level of islet protein expres-
sion [53, 54]. In this context, the expressions of rat is-
let proteins were found to be changed after IL-1 expo-
sure [53, 55, 56]. Protein synthesis inhibitors such as
cycloheximide were found to protect IL-1-exposed
islets from destruction [56].

In the present study, the different pat-
tern of protein expression observed in the
pancreas of diabetic mice could be a sec-
ondary consequence of the elevated pan-
creatic levels of TNF-«, IFN-y and NO.
The differentially expressed bands be-
tween the pancreases of normal and dia-
betic mice may be related to functional or
structural proteins associated with B-cell
damage and dysfunction. In addition, the
protein bands that changed after rosigli-
tazone treatment may be those of some
inflammatory mediators expressed in the
pancreas of diabetic mice, and this ex-
pression is documented as being de-
creased by PPAR-y activators.

Islets cells have been documented as
expressing significantly high levels of
PPAR-y [51]. It may therefore be sug-
gested that rosiglitazone might act di-
rectly on pancreatic islet cells, resulting in
changes in protein expression as well as
regeneration of the destroyed pancreatic
islets, as could also be observed in our
study. In support of this suggestion, it
was reported that nine proteins were dif-
ferentially expressed between the pancre-
atic tissue of lep/lep diabetic mice and
lean littermates [57]. Four of these pro-
teins were altered toward their level in the
lean littermates after rosiglitazone treat-
ment [57]. Similatly, previous studies
showed that rosiglitazone modulated the
expression of different proteins in various
tissues, which may be an underlying fac-
tor in its therapeutic effect [58].

In conclusion, our study showed that
rosiglitazone may be effective in the treatment of auto-
immune DM. The antidiabetic effect of rosiglitazone
seemed to be a secondary consequence of its anti-
inflammatory and immunomodulatory properties, as it
resulted in a significant decrease in the elevated levels
of TNF-«, IFN-y and NO. The pancreatic islets of
mice receiving rosiglitazone were neatrly free from
CD4 and CDS8 lymphocytes. In addition, the antidia-
betic effects of rosiglitazone might be reflected at the
molecular level of islet protein expression.
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